The inverse kinematics of series manipulators presents an inherent complexity due to their various structures and kinematics constraints. To a novel reconfigurable Mars rover's arm, the inverse kinematics had been solved by numerical method combined with space geometry relations, but the complex calculating process can not be utilized in real-time control. In this paper, some actions in common use are programmed in the child rover, and the BP neural network was used to solve the inverse kinematics and trajectory planning. To a desired trajectory, some solutions by direct kinematics algorithms and geometry relations corresponding to the trajectory were used as the BP network's training data set, and the non-linear mapping from joint-variable space to operation-variable space was obtained with iterative training and learning method. The results show the output of training is consistent with the desired path, and the obtained reference trajectory is smooth.
Introduction
There has been increasing interest in planetary Rover. A robotic approach to explore these bodies has the benefit of being able to achieve many things that a human could do but at lower cost without endangering human life [1] . Coordination and expandability are necessary in these system, the modular reconfigurable robots are thus becoming increasingly important. On the other hand, most actions of Planetary Rovers are planed off-line for remote distance and communication delay. At the same time, the space finiteness of the computer memory demands that the program must be simplest. Therefore the neural network which has higher intelligence, are used widely day by day [2], [3] . In this paper, Section II introduced the system structure of the reconfigurable Mars rover. The kinematic mode was analyzed in section III, and the BP network was constructed, trained in section IV. To validate the trained result, the error curves were analyzed according to various situations. At last, Section V discussed the conclusion of this paper.
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System Structure of Mars Rover
The robot introduced in this paper is a child-robot of the reconfigurable Mars Rover, which consists of one main body and six child-robots as shown in Fig.1 . The main body can not move by itself, but the child-robots hold the main body by their manipulators and act as active wheels of the main body. If it is necessary, each child robot can separate from the main body and move around to undergo separate missions. Each child-robot consists of a triangle pedrail wheel and an arm for manipulation, which can exchange information with the main body or get their energy from the main body.
The child-robot has five revolute joints, as shown in Fig.2 . The basement of it is a triangle pedrail wheel, which can rotate round the axis of Link1. The axes of Link2, Link3 and Link4 are parallel and the fifth axis of Link5 is vertical to the anterior three axes. The child-robot can work in locomotion mode or work mode, as shown in Fig.1 . In work mode, its manipulator can move in the work space. For example, it can pick up a rock, catch up with other child-robots' connector or instrument. The childrobots can transform from locomotion mode to work mode autonomously, and vice versa. Its single chip processor used the FUJITSU MB90F549G which ROM capacity is 256 Kbytes. In order to simplify the inverse kinematics program and insure it can be loaded in single chip microprocessor, the neural networks which had been trained well are used in the inverse kinematics solution and the trajectory planning.
Kinematic Model of Child Robot's Manipulator
The Denavit-Hartenberg method involves the allocation of coordinate frames to each link using a set of rules to locate the origin of the frame and the orientation axes. The poses of subsequent links are then defined by the homogeneous transformation matrix, which transforms the frame attached to link i−1 into a frame fixed to link i. This transformation is obtained from simpler transformations representing the three basic translations along, and three rotations about, the frames' x-, y-and z-axes [2]. 
